Neural basis of human deceptive behavior:evidence from neuroimaging and neuropsychology(ヒトの欺瞞行動に関わる神経基盤:脳機能画像法と神経心理学からの知見) by 阿部  修士
Neural basis of human deceptive
behavior:evidence from neuroimaging and
neuropsychology(ヒトの欺瞞行動に関わる神経基盤
:脳機能画像法と神経心理学からの知見)
著者 阿部  修士
学位授与機関 Tohoku University
URL http://hdl.handle.net/10097/17501
博士論文 
 
 
 
 
 
Neural basis of human deceptive behavior: 
evidence from neuroimaging and neuropsychology 
（ヒトの欺瞞行動に関わる神経基盤：脳機能画像法と神経心理学からの知見） 
 
 
 
 
 
 
 
東北大学大学院医学系研究科障害科学専攻 
機能医科学講座 高次機能障害学 
阿部 修士 
博士論文 
Outline 
 
1. Abstract 
 
2. Background 
Complementary approach to human brain-behavior relationships 
Neuroimaging approach 
Neuropsychological approach 
 
3. Objectives 
Study 1 
 
Study 2 
 
4. Materials and Methods 
Study 1 
Participants 
Stimuli 
Tasks (Fig. 1) 
PET data acquisition and voxel-based analysis 
 
Study 2 
Participants 
Standard neuropsychological tests 
Experimental deception task 
PET data acquisition and voxel-based analysis 
 
5. Results 
Study 1 
Behavioral data 
Brain activation 
 
Study 2 
Standard neuropsychological tests 
Experimental deception task 
Cognitive-metabolic correlation analysis 
 
6. Discussion 
Study 1: Neuroimaging findings 
 
Study 2: Neuropsychological findings 
 
7. Conclusion 
 
8. Acknowledgements 
 
9. References 
 
10. Figures (Figs. 1-5) 
 
11. Tables (Tables 1-3) 
博士論文 
 
 
1 
1. Abstract  
Deception has long attracted the attention of psychologists, particularly in terms of 
“lie detection” based on physiological indices and subtle behavioral cues. However, 
little is known about the brain mechanisms underlying deception. The present study 
employed the complementary research approach of neuroimaging (activation study) and 
neuropsychology (lesion study) to elucidate the neural basis of human deceptive 
behavior. In study 1, brain activations were measured using positron emission 
tomography and 15O-labeled water while healthy subjects told the truth or lies about two 
types of real-world events, experienced and un-experienced. The imaging data revealed 
that activity of the dorsolateral, ventrolateral, and medial prefrontal cortices was 
commonly associated with both types of deception (pretending to know and pretending 
not to know), whereas activity of the anterior cingulate cortex was associated only with 
pretending not to know. Study 2 was designed to test the hypothesis that patients with 
Parkinson’s disease have difficulty telling lies due to dysfunction of the prefrontal 
executive system. The results showed that patients with Parkinson’s disease had 
difficulty making deceptive responses compared to healthy controls. Furthermore, the 
patients’ task performance was significantly correlated with hypometabolism in the 
prefrontal cortex measured by 18F-fluorodeoxyglucose positron emission tomography. 
The present study provides convincing evidence that the prefrontal cortex plays a 
crucial role in human deceptive behavior. 
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2. Background  
Complementary approach to human brain-behavior relationships 
The development of neuroimaging techniques such as functional magnetic 
resonance imaging (fMRI) and positron emission tomography (PET) has enabled 
researchers to measure the brain activity associated with various cognitive functions in 
humans. Functional neuroimaging studies of normal subjects reveal the areas of the 
brain involved in the performance of a task, but do not delineate the precise contribution 
of each brain region to task performance; the activation of some regions may be 
necessary for the performance of the task, but that of others may not. In contrast, 
lesion-deficit models in neuropsychology identify the regions necessary to perform a 
task, but do not establish the premorbid contribution of the damaged regions to task 
performance. For instance, a cognitive function can be impaired if the connections 
between two vital brain areas are damaged: the connections are necessary, but not 
sufficient in themselves to execute a particular function.  
The joint complementary use of neuroimaging and neuropsychology offers a 
fundamental advantage over the use of either technique in isolation. Neuroimaging in 
normal subjects defines the set of brain regions involved in performing one task relative 
to another, while neuropsychology in brain-damaged patients establishes the elemental 
brain areas. As in any field of science, the best support for a particular hypothesis is 
provided by converging evidence from multiple sources. The present study employed 
this complementary approach to clarify the neural basis of human deceptive behaviors.  
 
Neuroimaging approach 
Engaging in deception, or deliberate falsification, is not an uncommon practice in 
human social interaction. However, deliberate falsification for the purpose of personal 
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gain is almost always considered to be an immoral and/or unlawful behavior in terms of 
its social, legal, political, or economic implications. For this reason, the accurate and 
reliable detection of deception by objective means has posed an interesting challenge to 
experts in several scientific disciplines. Historically, the polygraph, a multi-channel 
physiological recording, has been used widely as a lie-detection device. However, 
because the polygraph relies solely on peripheral measures of changes in the autonomic 
nervous system (heart rate, skin conductance, and respiration), it is merely revealing 
physiological consequences and therefore indirect representations of neural activity 
during the generation of lies. Direct examination of the organ that produces lies, the 
brain, would have great impact on existing lie-detection systems on both theoretical and 
practical bases. Despite this substantial implication, there is little evidence of the brain 
mechanisms involved in generating lies. Elucidation of the areas of the brain involved 
in deception has two main implications: in the development of methods by which 
deception can be accurately detected, and in better understanding of human cognitive 
control mechanisms.  
Some light has been shed on the brain mechanisms involved in deception by 
research conducted by cognitive neuroscientists into their neural basis (Blakemore et al., 
2004). To date, several neuroimaging studies using fMRI have reported the involvement 
of the prefrontal cortex in deception (Spence et al., 2001; Langleben et al., 2002; Lee et 
al., 2002; Ganis et al., 2003; Kozel et al., 2004a; Kozel et al., 2004b). Activation of the 
anterior cingulate cortex (ACC) has also often been reported, as has prefrontal lobe 
activity (Ganis et al., 2003; Kozel et al., 2004a; Kozel et al., 2004b; Langleben et al., 
2002). Although these previous neuroimaging studies have indicated a crucial role for 
these two regions in human deception, the specific role of each is still unclear.  
Lateral prefrontal activation without ACC activation has been observed in some 
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previous studies on working memory (Courtney et al., 1998; Smith and Jonides, 1999), 
and ACC activation has been consistently reported during tasks associated with the 
inhibition of a prepotent response or monitoring of cognitive conflict (Botvinick et al., 
1999; Carter et al., 1998; Devinsky et al., 1995). In addition, some researchers have 
argued for a functional dissociation, i.e., the lateral prefrontal cortices are directly 
involved in the implementation of control in situations of conflict, whereas the ACC is 
mainly associated with signaling the presence of processing conflict (Badre and Wagner, 
2004; Carter et al., 2000; Kerns et al., 2004; MacDonald et al., 2000). Based on these 
findings regarding dissociable roles of the lateral prefrontal and anterior cingulate 
cortices in conflicting situations, we predicted that the lateral prefrontal cortices are 
consistently activated during deception tasks in terms of executive function, whereas the 
ACC is active only in monitoring stronger cognitive conflict in the context of deception.  
In study 1, we focused on two types of deception for past episodes: deception for 
experienced events (pretending not to know) and deception for un-experienced events 
(pretending to know). During two deception conditions and two truth conditions, 
subjects were presented with old photographs related to experienced events in one and 
new photographs related to un-experienced events in the other. We expected the 
prefrontal cortices to be active during the two deception conditions compared to the two 
truth conditions, because the former necessitate executive functions. In contrast, we 
anticipated that the ACC would be active only during the deception condition in which 
subjects were asked to tell lies in response to the old photographs (pretending not to 
know). The old photographs, compared with the new ones, would elicit stronger conflict 
for the inhibition of true answers during deception, because they would stimulate vivid 
memories of experienced events, whereas the new photographs would not.  
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Neuropsychological approach 
Although there is considerable neuroimaging evidence that the prefrontal cortex is 
associated with deception (Spence et al., 2004), there is no neuropsychological evidence 
that it is necessary for human deceptive behavior. In study 2, we focused on patients 
with Parkinson’s disease (PD). PD, or paralysis agitans, was first described in 1817 by 
James Parkinson as “shaking palsy” (Parkinson, 1817). It is a neurodegenerative 
condition characterized by clinical symptoms consisting of bradykinesia, rigidity, 
resting tremor, and postural instability. In addition, there is increasing recognition of 
accompanying impairments in cognitive functions (e.g., frontal executive dysfunction) 
that have a profound impact on the quality of life for some PD patients.  
Certain personality traits have long been noted as being characteristic of PD 
patients. In 1913, Carl Camp stated, “It would seem that paralysis agitans affected 
mostly those persons whose lives had been devoted to hard work… The people who take 
their work to bed with them and who never come under the inhibiting influences of 
tobacco or alcohol are the kind that are most frequently affected. In this respect, the 
disease may be almost regarded as a badge of respectable endeavor” (Camp, 1913). 
Since the publication of his report, many researchers have investigated the association 
between personality or behavioral traits and PD, and have consistently shown PD 
patients to have characteristic personality traits such as industriousness, seriousness, or 
inflexibility (Ishihara and Brayne, 2006). 
Notably, PD patients are also described as “honest” (Menza, 2000), in that they 
tend not to tell lies. Although the possibility that some PD patients are honest by nature 
cannot be ruled out, it is likely that insidious neuropathological changes in PD underlie 
this specific trait. In fact, a previous study reported that personality change in PD 
patients was primarily the result of the disease rather than aging (Mendelsohn et al., 
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1995), and some researchers have pointed out the possibility that the personality traits 
are associated with PD-specific brain damage (Menza, 2000). Not telling lies may not 
be a personality trait in PD patients so much as the result of difficulty telling lies due to 
cognitive deficits resulting from pathological changes in certain brain regions.  
It is generally believed that degeneration of the substantia nigra pars compacta with 
subsequent depletion of dopamine in the striatum and resulting disruption of basal 
ganglia–thalamocortical circuits elicits the classical motor signs and symptoms of PD. 
In addition, recent studies have shed light on the neurobiological basis of the frontal 
cognitive impairment in PD patients. Two mechanisms have been proposed: either an 
alteration in outflow of the caudate nuclei to the frontal cortex via the thalamus (Owen 
et al., 1998), or diminished dopamine activity in the frontal lobes themselves 
consequent to degeneration of the frontal projections of the ventral tegmental area and 
other nigral cell groups (Ouchi et al., 1999a; Ouchi et al., 1999b; Rinne et al., 2000). 
Consistent with this view, a recent fMRI study involving PD patients provided 
substantial evidence that not only the nigrostriatal but also the mesocortical 
dopaminergic substrate may play a significant role in the deficits of frontal lobe 
function (Monchi et al., 2007).  
To date, clinical studies have consistently shown that PD patients have 
impairments in executive function (Dalrymple-Alford et al., 1994; Zgaljardic et al., 
2006) and hypometabolism in the prefrontal cortex (Huang et al., 2007; Juh et al., 2005). 
The impairment of executive function derived from damage to the prefrontal cortex can 
preclude reasonable, flexible, and goal-directed behaviors, which are regarded as the 
essential features of human deceptive behavior. Thus, converging evidence allows one 
to hypothesize that PD patients have difficulty making deceptive responses due to 
dysfunction of the prefrontal executive system, and therefore they appear to be honest.  
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3. Objectives 
Study 1 
In study 1, the main aim was to provide evidence to support the prediction that 
activity of the prefrontal cortex is commonly associated with both types of deception 
(pretending to know and pretending not to know), whereas activity of the ACC is 
associated only with pretending not to know. To this end, brain activations were 
measured while healthy participants told the truth or lies about two types of real-world 
events, experienced and un-experienced. 
 
Study 2 
In study 2, the main purpose was to prove the hypothesis that PD patients are 
unable to make deceptive responses due to dysfunction of the prefrontal cortex. For this 
purpose, a novel cognitive task was developed to assess the ability of PD patients and 
normal controls to make deceptive responses. In addition, PET and 
18F-fluorodeoxyglucose (FDG) were used to analyze the correlation between the ability 
to tell a lie and function of the prefrontal cortex in PD patients.  
 
4. Materials and Methods 
Study 1 
Participants 
Fourteen male volunteers with no history of neurological or psychiatric disease 
were paid to take part in this experiment (age range 18-23 years; mean 20.4 years). 
There were no pathological findings on the MRIs of any of the subjects’ brains. All of 
the subjects were right-handed on the Edinburgh Handedness Inventory (Oldfield, 1971). 
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They gave their written informed consent in accordance with the Declaration of 
Helsinki and the guidelines approved by the Ethical Committee of Tohoku University. 
 
Stimuli 
For the experience phase before PET scanning, we prepared 20 real-world events 
(e.g., coloring a picture, playing a musical instrument, solving a puzzle, consulting a 
dictionary), each of which consisted of one of ten kinds of actions involving one of 20 
implements. Thus, two events included the same action but differed in the stimuli to 
which the subjects had to react (i.e., coloring two different pictures, playing two kinds 
of musical instruments, solving two different puzzles, consulting two kinds of 
dictionaries, etc.). 
For the later tasks with PET scanning, we prepared as visual stimuli 20 
photographs of the implements subjects had used (old stimuli) and 20 photographs of 
implements they had not used (new stimuli). Corresponding to the experienced events, 
each pair of new photographs of implements was related to one of ten kinds of 
experienced actions. These 40 stimuli were divided into four lists, each consisting of ten 
photographs related to ten kinds of actions. Two lists (old-stimulus-dominant lists) 
consisted of eight old stimuli and two new stimuli, and the other two lists 
(new-stimulus-dominant lists) consisted of two old stimuli and eight new stimuli. We 
employed this eight-to-two proportion in order to ensure that subjects attended to the 
stimuli, because if all the presented photographs in each condition had been old or new, 
the subjects might have been able to respond without looking at the presented stimuli 
after the first trial. 
 
Tasks (Fig. 1) 
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On the morning of the PET experiment day, the subjects experienced 20 real-world 
events, using one implement per event, all with one of the experimenters in the same 
room. Each event lasted approximately 2 minutes. The order of the 20 events was 
randomized over subjects. 
PET measurement was started approximately 120 minutes after the end of the 
experience phase. During PET, the subjects performed the following four tasks: (1) a 
Truth-Old task (TO), in which they were instructed to tell the truth in response to one of 
the old-stimulus-dominant lists, (2) a Lie-Old task (LO), in which they had to tell lies in 
response to the other old-stimulus-dominant list, (3) a Truth-New task (TN), in which 
they were asked to tell the truth in response to one of the new-stimulus-dominant lists, 
and (4) a Lie-New task (LN), in which they had to tell lies in response to the other 
new-stimulus-dominant list. During each task, the ten photographs of each list were 
presented one by one every 6 seconds (stimulus presentation time 4 s; inter-stimulus 
interval 2 s) on a display controlled by a Windows computer. The subjects were asked to 
respond orally, i.e., to say “I know” in the truth conditions if they thought they had used 
an implement printed on a photograph, or “I don’t know” if they thought they had not – 
and vice versa in the lie conditions. The order of the four tasks was counterbalanced 
across the subjects and the four lists were also counterbalanced over task conditions. All 
the subjects’ oral responses were tape-recorded and these data were subsequently used 
for the evaluation of performance accuracy and reaction times.  
 
PET data acquisition and voxel-based analysis 
Regional cerebral blood flow (rCBF) was measured in three-dimensional mode 
using PET (SET2400W Shimadzu, full width at half maximum (FWHM) 4.0 mm) and 
15O-labeled water (approximately 180 MBq for each injection). The transaxial 
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sampling field of view (FOV) was 256 mm, and the axial FOV was 190 mm. The 
thickness of the slices measured was 3.125 mm. Prior to the PET experiments, subjects 
had a catheter inserted into the right brachial vein for tracer administration, and their 
heads were fixed to an air-cushioned headrest apparatus. Each PET data acquisition time 
was 60 seconds and the start of the acquisition was synchronized with the start of each 
task. A transmission scan was followed by the experiment, and the data were used to 
obtain corrected emission images. A T1-weighted MRI scan (1.5 T) was performed on a 
separate occasion for coregistration. 
The data were analyzed with SPM2 (Wellcome Department of Imaging 
Neuroscience, UK). All rCBF images acquired from each subject were corrected for 
small movements occurring between scans by realignment to the first image of the 
experiment. This process generated an aligned set of images and a mean image per 
subject. A T1-weighted structural MRI was coregistered to this mean PET image. Then, 
the co-registered T1 image was normalized to the Montreal Neurological Institute 
(MNI) templates implemented in SPM2. The parameters from this normalization 
process were applied to each PET image. The PET images were reformatted to isometric 
voxels (2×2×2 mm3) and smoothed with a Gaussian kernel of FWHM of 6 mm. The 
rCBF-equivalent measurements were adjusted to a global CBF mean of 50 ml dl-1 min-1. 
Contrast of the main effect of each voxel was assessed using t-statistics, resulting in a 
statistical image (SPMt transformed into an SPMz). The threshold of significance was 
set at p < 0.001 (uncorrected for multiple comparisons). We regarded clusters of 20 or 
more voxels as significant to reduce the possibility of false-positive results (Type 1 
errors).  
 
Study 2 
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Participants 
The participants were 26 idiopathic PD patients and 16 normal controls matched 
for age, sex, and scores on the Mini-Mental State Examination (MMSE). The 
demographics of the PD patients and normal controls are shown in Table 2. All the PD 
patients were recruited from the Tohoku University Hospital. Normal controls with no 
history of neurological or psychiatric diseases were recruited from the local community 
via an advertisement. The diagnosis of PD was made by board-certified neurologists 
according to UK PD Society Brain Bank criteria. The inclusion criteria for this study 
were: age between 50 and 75 years, age of onset more than 40 years, Hoehn-Yahr stage 
from 1 to 3, Clinical Dementia Rating (CDR) stage 0 or 0.5, and a score of 24 or higher 
on the MMSE. The exclusion criteria were: a medical history not directly related to PD 
(e.g., stroke, head injury, epilepsy), concurrent psychiatric illness such as schizophrenia 
and manic depression, documented or suspected history of drug abuse and/or 
alcoholism, major abnormalities on brain MRI scans such as cerebral infarction or 
tumor, and diabetes mellitus. Of the 26 patients with PD, 21 were taking anti-Parkinson 
drugs (e.g., levodopa and/or dopamine agonists), and they were asked to stop 
medication at least 5 hours before PET scanning.  
Because of local ethical regulations, no control subject who participated in the 
neuropsychological assessments was available for the PET study. Therefore, the data 
from another group of 14 healthy participants without psychiatric or neurological 
diseases (7 women, 7 men; mean age 64.0 years; mean education 12.3 years; mean 
MMSE score 29.1) were extracted from our PET database. These data were used for the 
group comparison of PET data to confirm that glucose metabolism in correlated regions 
was decreased in the PD patients compared with the normal controls. All the PET 
images were obtained using the same machine, and there was no significant difference 
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in age, sex, and MMSE scores between these healthy participants and the PD patients.  
After being given a detailed description of the study, written informed consent was 
obtained from all participants in accordance with guidelines approved by the Ethical 
Committee of Tohoku University and the Declaration of Helsinki.  
 
Standard neuropsychological tests 
For all the patients and controls, in addition to the MMSE, a set of 
neuropsychological tests was used to identify any explicit cognitive deficits. These tests 
included digit span and spatial span subtests from the Wechsler Memory Scale-Revised 
(WMS-R), the word recall task from the Alzheimer’s Disease Assessment Scale 
(ADAS), verbal fluency tasks, the trail-making test, a Stroop task, and a go/no-go task.  
 
Experimental deception task 
We prepared color photographs of 51 common living things and 51 common 
inanimate objects. Three of each type of these photographs were used as study buffers 
(three at the beginning and three at the end of the study list) to exclude primacy and 
recency effects on memory performance. The remaining 96 photographs were divided 
into two sets of an equal number of animate and inanimate stimuli. One set was used as 
study items in a study phase and as target items to be recognized later in a test phase, 
and the other set was used as distracters in the test phase. These two sets of photographs 
were matched for visual complexity, familiarity, and arousal (all p-values > 0.1), as 
rated by a separate group of 20 normal adults (10 women, 10 men; mean age 32.9 years) 
who did not participate in the present study. Each set consisting of 48 stimuli was 
further divided into four lists of 12 stimuli each. Then four lists of photographs, each of 
which consisted of 12 stimuli from one set and 12 stimuli from the other, were prepared. 
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These four lists consisting of 24 stimuli were again matched for visual complexity, 
familiarity, and arousal (all p-values > 0.1). Four actors (two men and two women) were 
videotaped over 96 trials in a deception task. In each scene (lasting 6 s with a 1-s 
interval between scenes), one of the actors randomly showed a color photograph of 
stimuli, while asking, ‘Did you see this photograph?’ in Japanese. Each actor showed 
the 24 stimuli one by one in randomized order except that the same actor appeared in a 
row.  
The experiment consisted of the incidental study phase, followed by the 
recognition memory test phase requiring the participants to tell the truth or a lie. During 
the study phase, participants viewed 48 study stimuli and 6 buffer stimuli, presented one 
at a time for 5s. All the stimuli were presented visually in white squares on a black 
background. Interstimulus interval was 1s, during which cross-fixation was presented. 
To ensure that the participants paid attention to the stimuli, they were instructed to 
indicate verbally whether each photograph represented an animate or an inanimate 
object.  
During the test phase, the participants viewed a video consisting of 96 scenes, each 
of which lasted 7s. A total of 48 studied and 48 unstudied stimuli was presented by the 
four actors. The participants were asked to say verbally whether the photograph was 
familiar (i.e., “I saw” or “I didn’t see”) after the actor’s question, “Did you see this 
photograph?” They were also requested to tell a lie in response to one of the four actors 
(Lie condition), and to tell the truth in response to the other actors (Truth condition). 
The actor to be told a lie was counterbalanced across the participants. 
The experiment yielded four response types: true responses for the studied items, 
true responses for the unstudied items, deceptive responses for the studied items, and 
deceptive responses for the unstudied items. In this study, collapsing across item type 
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(i.e., studied or unstudied items), the data were analyzed for honest and deceptive 
responses in the PD patients and normal controls. Mathematically, the effect of 
cognitive demand on deception was expressed by the deception task index DT = Tc – Lc, 
where Tc and Lc are the percent of correct responses in the Truth and Lie conditions, 
respectively. The index reflected the difficulty participants had making deceptive 
responses regardless of their basic recognition memory performance, and was therefore 
used for correlation analysis using FDG-PET.  
After the task was completed, participants were asked whether or not they had been 
able to recognize immediately the target they had to deceive in every trial throughout 
the task. They were also presented with face photographs of the four actors, and were 
asked to indicate one of the actors to whom they had to tell a lie. Throughout the entire 
task session, all the responses made by the patients and normal controls were recorded 
on a digital sound-recording machine. These data were subsequently used for the 
evaluation of performance accuracy and error pattern.  
 
PET data acquisition and voxel-based analysis 
After a fasting period of at least 5 hours, PET images were obtained using 185-218 
MBq FDG. Dynamic PET scans were performed in three-dimensional mode using a 
Siemens Biograph DUO PET scanner (Siemens Medical System, Inc., USA). To 
minimize the effects of external stimuli during the FDG-uptake period of 1 hour, 
subjects stayed in a quiet room wearing eye masks. In-plane and axial resolutions of 
the scanner were 3.38 mm and 3.38 mm, respectively. An attenuation correction was 
performed with a computerized tomography (CT) scan. The data obtained were 
reconstructed using ordered subset expectation maximization (OSEM) algorithms (16 
subsets x 6 iterations) with Gaussian filter with FWHM = 2.0 mm in 256 × 256 matrix, 
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pixel size of 1.33 ×1.33 mm, and a slice thickness of 2.0 mm. PET images and the 
values of arterial input function measurements were converted to cerebral metabolic 
rate of glucose images according to a model based on the autoradiographic technique 
(Phelps et al., 1979). 
The PET data were analyzed with SPM5 (Wellcome Department of Imaging 
Neuroscience, London, UK). All the PET images were normalized to the FDG-template 
based on the MNI reference brain (re-sampled voxel size 2 × 2 × 2 mm3). Then all the 
images were smoothed using an isotropic Gaussian kernel of 10 mm to increase the 
signal-to-noise ratio and to compensate for differences in gyral anatomy between 
individuals. To reduce between-subject variation in global metabolic rates, the count of 
each voxel was normalized to the total count of the brain using proportional scaling.  
The deception task indices were entered as covariates of interest in the analysis of 
the PD patients, with the aim of identifying regions showing decreased metabolism 
associated with low performance. The threshold of significance was set at p < 0.001 
(uncorrected for multiple comparisons), with the extent threshold of 100 contiguous 
voxels. Possible confounding effects of age and sex (i.e., biological factors) were 
controlled by entering these variables into the model. Then, to investigate the influence 
of anti-Parkinson drugs, the effect of medication was controlled by entering this variable 
into the model in a separate analysis. In addition, for the sake of completeness, the PET 
data set obtained in our sample of 26 PD patients was compared with that obtained in a 
group of 14 healthy participants. The resulting map (p < 0.05, uncorrected) was used for 
masking in the correlation analysis to confirm that the metabolic rates in correlated 
regions were decreased in the PD patients compared with the normal controls. 
 
5. Results 
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Study 1 
Behavioral data 
The mean accuracy and reaction time were 98.6% (S.D. = 3.6) and 1699 ms (S.D. 
= 411) for TO, 95.7% (S.D. = 6.5) and 1807 ms (S.D. = 380) for LO, 97.1% (S.D. = 5.0) 
and 1776 ms (S.D. = 484) for TN, and 96.4% (S.D. = 5.1) and 1876 ms (S.D. = 362) for 
LN. These data were analyzed using two-way repeated measures analysis of variance 
(ANOVA), with the response to stimuli (Truth, Lie) and the familiarity of stimuli (Old, 
New) as factors. ANOVA showed no significant main effects of either the response to 
stimuli [correct response, F(1, 13) = 1.349, p = 0.266, ns; reaction time, F(1, 13) = 
4.552, p = 0.053, ns] or the familiarity of stimuli [correct response, F(1, 13) = 0.085, p = 
0.775, ns; reaction time, F(1, 13) = 3.027, p = 0.106, ns], and no interaction between 
these two factors [correct response, F(1, 13) = 0.455, p = 0.512, ns; reaction time, F(1, 
13) = 0.007, p = 0.934, ns].  
 
Brain activation 
To identify the neural correlates of deception, the functional imaging data were 
first analyzed for the main effect of deception [(LO－TO) + (LN－TN)]. This analysis 
revealed significant activations in the left middle frontal gyrus [BA 10/46; the most 
anterior part of the dorsolateral prefrontal cortex (DLPFC)], right inferior frontal gyrus 
[BA 45; ventrolateral prefrontal cortex (VLPFC)], right ACC (BA 24/32), and right 
medial prefrontal cortex (BA 9; MPFC). Table 1 summarizes these data for anatomical 
structures and Brodmann’s area, MNI coordinates, Z-values and cluster size of peak 
activations. In this stage of analysis, the main effect of truth telling [(TO－LO) + (TN－
LN)] was also calculated, but no significant activation was found. 
Second, to examine the influence of the familiarity of stimuli on rCBFs in each 
博士論文 
 
 
17 
activated region and whether or not an interaction occurred, the rCBF values measured 
at each maximum were analyzed using two-way ANOVA with the response to stimuli 
(Truth, Lie) and the familiarity of stimuli (Old, New) as factors. The results are 
illustrated in Fig. 2. Results of the ANOVA for the left DLPFC showed a significant 
main effect of the “Lie” [F(1, 13) = 23.470, p < 0.001], but showed neither a main effect 
of the familiarity of stimuli [F(1, 13) = 0.172, p = 0.685, ns] nor an interaction between 
the two factors [F(1, 13) = 0.173, p = 0.684, ns]. ANOVA for the right VLPFC yielded 
similar results: a significant main effect of the “Lie” [F(1, 13) = 24.857, p < 0.001], 
without a main effect of the familiarity of stimuli [F(1, 13) = 1.879, p = 0.194, ns] or an 
interaction [F(1, 13) = 1.087, p = 0.316, ns]. Results for the right ACC showed a 
significant main effect of the “Lie” [F(1, 13) = 20.895, p < 0.001], without a main effect 
of the familiarity of stimuli [F(1, 13) = 1.301, p = 0.275, ns]. In this region, interaction 
between the two factors was significant [F(1, 13) = 14.828, p < 0.005]. Post-hoc test 
(Scheffe) revealed that in the right ACC the effect of “Lie” was significant between the 
LO tasks and TO tasks (LO > TO, p < 0.001), but was not significant between the LN 
tasks and TN tasks (p = 0.756, ns), and the effect of “Old” was significant between the 
LO tasks and LN tasks (LO > LN, p < 0.05), but not between the TO tasks and TN tasks 
(p = 0.631, ns). Results for the right MPFC showed a significant main effect of “Lie” 
[F(1, 13) = 16.336, p < 0.005] and a main effect of “Old” [F(1, 13) = 18.692, p < 0.001], 
without an interaction [F(1, 13) = 0.404, p = 0.536, ns].  
 
Study 2 
Standard neuropsychological tests 
Table 2 lists the results of standard neuropsychological tests and the statistical 
comparison between the PD patients and normal controls, as well as the demographic 
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data. The PD patients performed significantly worse than healthy controls on the verbal 
fluency task related to letters and categories, as well as in the digit span test (backward). 
The PD patients also performed significantly or marginally worse than normal controls 
on the trail-making test. No differences were seen between the PD patients and normal 
controls in the ADAS word recall, the Stroop task, the go/no-go task, the digit span test 
(forward), and the spatial span tests (forward and backward).  
 
Experimental deception task 
During the encoding phase, the correct responses in the animate-inanimate 
judgment were virtually 100% for all the PD patients and normal controls, indicating 
that the participants paid sufficient attention to the stimuli.  
The data from the test phase (the main part of this task) were analyzed using a 2 
(Group: PD patients, normal controls) x 2 (Task: truth, lie) ANOVA. There was a main 
effect of Group [F(1,40) = 8.65, p = 0.005] , a main effect of Task [F(1,40) = 4.96, p = 
0.032], and a Group x Task interaction [F(1,40) = 8.28, p = 0.006]. Post-hoc tests 
explain why this interaction is present: the PD patients showed decreased correct 
responses in the lie condition relative to the truth condition [t(25) = 3.58, p = 0.014], 
whereas the controls showed no difference between these measures [t(15) = 0.62, p = 
0.545]. The results are shown in Figure 3.  
Although one patient stated that she was not sure of the target person to deceive in 
the middle of the task, the remaining patients stated with confidence that they could 
easily and immediately recognize the target person to deceive in every trial throughout 
the task. In the forced-choice format test, all the patients correctly chose the target 
person to deceive. In addition, the pattern of errors made by the PD patients showed the 
same tendency: they often made errors by telling the truth in the trial in which they were 
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supposed to lie. There were few other errors, such as no response, dual response, and 
inappropriate response (e.g., “I have no idea”).  
 
Cognitive-metabolic correlation analysis 
The results are shown in Table 3, Figure 4, and Figure 5. A significant negative 
correlation was found between the deception task index and the normalized metabolism 
of the right medial prefrontal cortex and left middle frontal gyrus. The results virtually 
remained unchanged if the effect of medication was controlled, suggesting that 
medication for PD does not affect the results.  
 
6. Discussion 
Study 1: Neuroimaging findings 
In study 1, the functional imaging data revealed that practicing deception 
concerning past episodes was associated with activation in some brain regions, 
including the lateral prefrontal cortices (dorsolateral and ventrolateral activations) and 
ACC. These activations are consistent with those found in several previous 
neuroimaging studies of deception (Ganis et al., 2003; Kozel et al., 2004a; Kozel et al., 
2004b; Langleben et al., 2002). Other than these areas, the main effect of deception was 
associated with activation in the MPFC. It should be noted that, in line with our 
prediction, the ACC showed an interaction between the two factors and was only 
associated with the processes related to pretending not to know.  
Our results indicate that the left DLPFC was associated with deception irrespective 
of the familiarity of stimuli, because only a main effect of deception was significant. 
The activity in the left DLPFC might be interpreted as a neural correlate of the 
implementation of executive function (Duncan, 2001; Miller and Cohen, 2001; Spence 
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et al., 2004), because participants had to inhibit their subjective true answers and make 
deceptive answers in response to the presented stimuli. Inhibition of the prepotent 
responses and making deceptive responses seem to be closely linked to working 
memory in terms of the maintenance of subjective true answers and manipulation of the 
true answers to deceptive answers. A neuropsychological study reporting a patient with 
bilateral damage to the DLPFC showed clear evidence that the DLPFC is essential for 
central executive function of working memory (Fujii et al., 1997). Selective 
involvement of the DLPFC in such executive function has also been suggested by 
neuroimaging studies (Cohen et al., 1997; Courtney et al., 1998; D'Esposito et al., 
1995).  
As well as the left DLPFC, the right VLPFC also showed only a main effect of 
deception. Some fMRI studies of deception have also found VLPFC activation with 
right dominance (Kozel et al., 2004b) or bilaterally (Kozel et al., 2004a; Spence et al., 
2001). There is a possibility that the right VLPFC activation in our deception tasks 
reflects the process of inhibition of honest answers to the presented stimuli. A recent 
neuropsychological study reported that damage to the right inferior frontal gyrus evoked 
disruption of a stop signal task (Aron et al., 2003). In functional neuroimaging studies 
using the go/no-go task or related paradigm, activation of the right VLPFC has been 
found during the no-go condition (Konishi et al., 1999; Rubia et al., 2001) or during the 
generation of the stop signal (Garavan et al., 1999; Rubia et al., 2003).  
The right ACC showed interaction and was only associated with pretending not to 
know. Although some previous studies of deception have reported activation of the ACC 
(Ganis et al., 2003; Kozel et al., 2004a; Kozel et al., 2004b; Langleben et al., 2002), its 
involvement might not always be necessary for all types of deception. Phan et al. (2002) 
reported in their review of PET and fMRI studies that ACC activation was often 
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observed during emotional tasks. However, in the present study, emotional processing is 
unlikely to have caused activation of the ACC, which was associated with only one of 
the deception tasks. Instead, in the processes related to pretending not to know, ACC 
activity might be associated with conflict monitoring (Badre and Wagner, 2004; Carter 
et al., 2000; Kerns et al., 2004; MacDonald et al., 2000), because vivid memory traces 
of events were automatically recruited by looking at the old stimuli in response to which 
the subjects had to lie. On the other hand, in the processes related to pretending to know, 
the ACC might not be involved in the detection of such a conflict, because vivid 
memory traces of events were not recovered by encountering the new stimuli.  
In this experiment, the right MPFC was more activated in both lie conditions than 
in both truth conditions, without an interaction. Some previous neuroimaging studies 
have also reported MPFC activity during lie conditions (Langleben et al., 2002; Spence 
et al., 2001). Our finding indicates that as well as the lateral prefrontal areas, this medial 
prefrontal region might also play a general role in practicing deception. One possible 
interpretation is that this activation might reflect an emotional response by the subjects 
in our deception tasks, since the MPFC is probably associated with emotional 
processing (Phan et al., 2002). Consistent with our finding of right-dominant medial 
prefrontal activation, activity in the right MPFC has been reported to be related to 
afferent representation of skin conductance responses (Critchley et al., 2000), which 
have been used as one of the physiological indices of lie detection.  
 
Study 2: Neuropsychological findings 
It has been noted that brain imaging of healthy participants cannot provide direct 
evidence that a certain brain region is necessary for performing a specific cognitive 
operation (Frackowiak et al., 1997). Some activation may reflect brain activity that is 
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non-essential for the function of interest. Therefore evidence is required from 
loss-of-function studies. Study 2 tested the hypothesis that patients with PD have 
difficulty making deceptive responses due to dysfunction of the prefrontal executive 
system. As predicted, the PD patients could not successfully make deceptive responses 
compared with the healthy controls. Detailed behavioral analysis revealed that almost 
all the patients understood the responses to be performed throughout the task, but failed 
to make deceptive responses. Motor dysfunction or cognitive slowing is unlikely to 
contribute to the present pattern of task performance. Furthermore, consistent with the 
findings of study 1 and previous neuroimaging studies implicating an association 
between deception and the prefrontal cortex, FDG-PET imaging revealed that the 
patients’ task performance was significantly correlated, regardless of age and sex, with 
hypometabolism in the prefrontal cortex. This is the first neuropsychological evidence 
that dysfunction of the prefrontal cortex is involved in the inability to inhibit true 
responses and produce deceptive responses in PD patients.  
The results of study 2 raise two important points. First, certain personality traits of 
PD patients might be at least partly explained by neuropsychological deficits. More 
specifically, the present results indicate that the honesty of PD patients might result 
from impairment in the executive functions necessary for the process of telling lies. 
Indeed, the patients showed worse performance in the verbal fluency task and the 
trail-making test (the general measures for executive function) compared with the 
normal controls. In addition, the present findings cannot be attributable to intellectual 
deficits in the PD patients, because they showed no evidence of general cognitive 
impairment or dementia on the CDR and MMSE. Further study using an approach 
similar to that of the present study might further clarify the relationships between brain 
dysfunction and the characteristic personality and behavioral traits of PD patients.  
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The second important point is that the results of study 2 implicate the prefrontal 
cortex as a cognitive control system subserving deception. Specifically, the regions 
correlated with the ability to deceive in the PD patients were demonstrated not only in 
the dorsolateral prefrontal cortex (BA46), possibly reflecting executive dysfunction, but 
also in the anterior prefrontal cortex (BA10). Damage to the anterior prefrontal cortex in 
humans typically leaves virtually intact performance on tests of intellectual, memory, 
language, motor skills, visual perception, and many problem-solving abilities (Burgess 
et al., 2007a). However, it does seem to cause performance impairment in two types of 
situations in particular. The first is open-ended situations: these require self-organized 
behavior (e.g. multitasking and other “ill-structured” situations) and do not involve a 
specific “correct” way of behaving because there are many possible courses of action, 
and therefore the actions to take and their order have to be self-determined. The second 
class of situations is those in which sustained, self-maintained attending behavior is 
required, such as when maintaining response consistency (Bird et al., 2004; Burgess, 
2000; Burgess et al., 2007b; Burgess et al., 2000; Goel and Grafman, 2000; Goldstein et 
al., 1993; Picton et al., 2006; Pollmann et al., 2007; Shallice and Burgess, 1991). In the 
present task, participants were asked to adapt their behavior in response to one of the 
actors and perform multitasks (i.e., recognition memory judgments and making truth/lie 
responses) that required response consistency throughout the task. Therefore, task 
performance might depend on the function of the anterior prefrontal cortex.  
In contrast to study 1, this neuropsychological study did not reveal an association 
between ACC function and deceptive behavior. This indicates the possibility that ACC 
is not crucial for making deceptive responses. In fact, in study 1, ACC activation was 
not common in general deception, but specific to a particular type of deception 
(pretending not to know). However, it is possible that this inconsistency was due to the 
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difference in tasks used across these studies. Future detailed neuropsychological 
assessments and experimental investigations of patients with damage to the ACC might 
help clarify this issue. However, based on our available data, it would appear that focal 
damage of the ACC does not impair deceptive behavior.  
 
7. Conclusion 
The present study aimed to clarify the neural mechanisms underlying human 
deceptive behavior. Study 1 revealed that the prefrontal cortices, including the DLPFC, 
VLPFC, and MPFC, are activated during the making of deceptive responses regardless 
of the familiarity of the stimuli, whereas the ACC is activated only during the making of 
deceptive responses to old (experienced) stimuli. Study 2 demonstrated that PD patients 
have difficulty making deceptive responses relative to healthy controls, and task 
performance is significantly correlated with hypometabolism in the prefrontal cortex. 
The complementary research approach in the present study clearly indicates that the 
prefrontal cortex is crucial for human deceptive behavior.  
The limitations of the present study need to be mentioned. First, because of the 
recognition memory paradigm in the tasks used across the two studies, the responses 
characterized by false-positive and false-negative errors (i.e., errors induced by illusory 
familiarity and memory forgetting) might have contaminated the results obtained. 
Methods such as event-related fMRI might clarify the findings related to the role of the 
prefrontal cortex in deception. Second, despite the increasing number of studies of the 
neural mechanisms of deception, the similarities and differences between the cognitive 
process for deception and that for general executive function tasks are still unclear and 
theoretically undefined. Although deception is thought to be a special cognitive process 
dissociated from the traditional executive processes due to the requirement for verbal 
博士論文 
 
 
25 
communication with people, this point should be explicitly defined. Finally, simulated 
deception in laboratory experiments cannot be viewed as being the same as deception in 
real life, and therefore replication of the current results in a more natural situation is 
warranted.  
It is to be hoped that the present findings and future studies will contribute to the 
understanding of human cognitive control mechanisms.  
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10. Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Experimental procedure of the deception task. In the experience phase before 
PET scanning, subjects experienced 20 real-world events (e.g., coloring a picture, 
playing a musical instrument, etc.). During PET scanning, subjects were presented with 
photographs related to experienced or un-experienced events and asked to perform the 
Truth-Old task, Lie-Old task, Truth-New task, and Lie-New task. The verbal responses 
required during each task are shown below the examples of stimuli. 
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Figure 2. Four regions showing a significant main effect of deception. The activations 
are superimposed onto magnetic resonance images of Montreal Neurological Institute 
templates. Histogram bars represent the mean regional cerebral blood flow values 
adjusted by global normalization during the four tasks: TO, Truth-Old task; LO, Lie-Old 
task; TN, Truth-New task; and LN, Lie-New task. Error bars indicate standard error. (a) 
Left middle frontal gyrus (-26, 54, 14; BA 10/46); (b) right inferior frontal gyrus (52, 18, 
12; BA 45); (c) right anterior cingulate cortex (10, 16, 32; BA 24/32); (d) right medial 
prefrontal cortex (10, 56, 24; BA 9). The left middle frontal gyrus and right inferior 
frontal gyrus showed a significant main effect of the responses to stimuli (truth/lie) only. 
An interaction between the two factors, in addition to a significant main effect of the 
responses to stimuli (truth/lie), was found in the right anterior cingulate cortex. The 
right medial prefrontal cortex showed significant effects of both the responses to stimuli 
(truth/lie) and the familiarity of stimuli (old/new).  
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Figure 3. Proportion of correct honest and deceptive responses during the deception 
task in patients with Parkinson’s disease (PD) and normal controls. Error bars represent 
standard error.  
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Figure 4. Brain regions showing significant correlation between performance in the 
deception task and regional cerebral glucose metabolism in Parkinson’s disease (PD) 
patients, masked with the contrast of normal controls vs. PD patients, controlling for the 
confounding effects of age and sex. The regions are displayed on a surface-rendered 
standard brain. 
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Figure 5. Scatter plots of the correlations between the deception task index and 
fluorodeoxyglucose-uptake values in (a) the right medial prefrontal cortex (r = -0.782, p 
< 0.001), and (b) the left middle frontal gyrus (r = -0.753, p < 0.001).  
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Table 1  Brain regions showing activation in a main effect of deception.
x y z
Left middle frontal gyrus (10/46) -26 54 14 4.39 51
Right inferior frontal gyrus (45) 52 18 12 4.07 22
Right anterior cingulate cortex (24/32) 10 16 32 4.16 34
Right medial prefrontal cortex (9) 10 56 24 4.04 26
Regions (Brodmann's Area)
Coordinates
Z value Cluster size
11. Tables 
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Table 2  Demographic and neuropsychological data (mean ±  SD) for the PD patients and the controls
Variable PD patients(n = 26)
Controls
(n = 16) p values
Demographics
Age 65.7 (6.3) 64.5 (4.9) 0.537
Sex (Male / Female) 11/15 9/7 0.380
Cognitive function
MMSE 28.0 (1.8) 28.4 (1.2) 0.390
Digit span forward 5.6 (0.9) 5.6 (1.1) 0.874
backward 4.0 (1.0) 4.8 (1.1) 0.017
Tapping span forward 5.7 (1.0) 5.6 (1.2) 0.697
backward 4.9 (1.0) 5.1 (0.9) 0.650
ADAS word recall total score 19.1 (4.7) 20.9 (3.4) 0.175
Verbal fluency category; animal 16.4 (7.2) 22.3 (6.2) 0.003
letters; "fu", "a", "ni" 20.8 (11.9) 28.8 (9.6) 0.006
Trail making test (time required)* part A 50.6 (19.4) 40.9 (11.6) 0.055
part B 129.4 (50.3) 98.9 (39.6) 0.048
part B - part A 78.8 (35.3) 58.0 (37.3) 0.080
Stroop task (accuracy) congruent 99.3 (3.1) 100 (0) 0.401
incongruent 95.2 (9.9) 95.8 (9.6) 0.838
Go-no Go task (accuracy) Go condition 99.9 (0.3) 100 (0) 0.440
no- Go condition 99.5 (1.4) 99.7 (1.0) 0.582
PD; Parkinson's disease, MMSE; Mini-Mental State Examination, ADAS; Alzheimer's Disease Assessment Scale.
* Two patients could not complete this task (n = 24).
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Table 3  Regions showing significant correlations between deception task performance and regional metabolism
x y z
Right medial prefrontal cortex (10) 8 66 -6 3.95 263
Right superior frontal gyrus (10) 18 68 -4 3.43
Right middle frontal gyrus (10/46) 32 64 -2 3.38
Left middle frontal gyrus (10/46) -30 60 8 3.75 129
Left superior frontal gyrus (10) -20 56 14 3.48
Left superior frontal gyrus (10) -20 62 2 3.25
Regions (Brodmann's Area)
Coordinates
Z value Cluster size
 
 
 
 
